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AUTOMATED FRANGIBLE CANNULA
BREAKER

The subject matter of this application relates to devices
and methods for opening frangible closures or valves within
fluid passageways, such as within fluid tlow paths associated
with blood collection or processing flow circuits or systems.

It 1s well known 1n the medical field and particularly in the
blood banking field to employ frangible internal flow control
valves 1n pre-assembled and pre-sterilized tluid flow circuits
that are used 1n the collection and/or processing of human or
amimal blood or blood components, including without 11mi-
tation umbilical cord blood (hereinafter “blood”). Such
valves are commonly referred to as frangible or breakable
valves, closures or cannulas and will referred to as cannulas
herein. Numerous patents disclose various configurations of
such frangible cannulas. See, for example, U.S. Pat. Nos.
4,181,140, 4,294,247, 4,340,049, 4,386,622 and 6,132,413,
all of which are hereby incorporated by reference.

Such frangible cannulas may be located at any suitable
location 1n a fluid flow system, such as within flexible fluid
flow tubing for controlling flow through the tubing or within
flexible port tubes associated with liquid filled or liquid-
receiving containers to control flow into or from the con-
tainer. Although the particular design can vary, typically
such cannulas have two portions separated by a breakable
zone or junction formed by an area of reduced or limited
thickness. The user can open the cannulas by external
manipulation without disturbing the internal sterility of the
fluid tflow path. For example, by gripping the flexible tubing
or port tube and bending or flexing the cannula portions
about the breakable junction, the junction can be broken and
the portions separated to open the tlow path. Although such
1s routinely done manually, 1t has been proposed to provide
automated frangible cannula breakers, which breakers may

be embodied 1n devices for processing pharmaceutical or
biological fluids such as blood.

SUMMARY

The present subject matter 1s directed to apparatus and
method for opening such frangible cannulas.

In one aspect or implementation of the present subject
matter, apparatus 1s provided for breaking a frangible can-
nula located inside a flexible flow path. The frangible
cannula 1s of the type including first and second portions
with a breakable junction therebetween, which junction may
be broken by relative bending of the portions. The breaking,
apparatus includes a first station in which the portion of the
flow path containing the first portion of the frangible cannula
1s positionable and a second station in which the portion of
the flow path containing the second portion of the cannula 1s
positionable. The first and/or second station 1s movable
relative to the other station to bend the flow path and the
portion of the cannula therein relative to the other portion of
the cannula to break the breakable junction and preferably
turther separate the portions to open the tlow path to tlow
therethrough.

In another aspect or implementation of the present subject
matter, which may be used with the above aspect or imple-
mentation, the first and/or second station 1s movable to bend
the portion of the cannula therein 1n one direction relative to
the other portion and in a direction opposite to the one
direction.

In another aspect or implementation of the present subject
matter, which may be used with any one of the above aspects
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or implementations, the first and/or second station 1s con-
figured to repeatedly bend the portion therein 1n opposite
directions.

In another aspect or implementation of the present subject
matter, which may be used with any one of the above aspects
or implementations, the first and/or second station comprises
first spaced apart surfaces for receiving the flow path and a
portion of the frangible cannula therebetween.

In another aspect or implementation of the present subject
matter, which may be used with the above aspect or imple-
mentation, the spaced apart surfaces of one of the stations
comprise lixed projecting members for receiving the tlow
path and a portion of the frangible cannula between the
members.

In another aspect or implementation of the present subject
matter, which may be used with any one of the above aspects
or implementations, the first and/or second station 1s con-
figured for movement through an arc relative to a center of
rotation.

In another aspect or implementation of the present subject
matter, which may be used with any one of the above aspects
or implementations, the each station includes spaced apart
surfaces for receiving the flow path and a portion of the
cannula therebetween.

In another aspect or implementation of the present subject
matter, which may be used with any one of the above aspects
or implementations, the spaced apart surfaces of the first
and/or second stations are ofl-set relative to a center of the
arc of movement of one or both of the stations.

In another aspect or implementation of the present subject
matter, which may be used with any one of the above aspects
or implementations, the first and/or second stations are
located so that when the frangible cannula 1s received
therein, the breakable portion of the frangible cannula 1s
generally axially aligned with or 1n proximity to the center
of an arc of movement of such station or stations.

In another aspect or implementation of the present subject
matter, which may be used with the apparatus employed for
breaking a frangible cannula controlling flow through a port
of fluid-containing bag, the apparatus includes a bag support
for suspending the bag therefrom. The bag support i1s located
relative to the first and second stations such that when a bag
1s suspended on the support, the first and second portions of
the frangible cannula are located in proximity with the first
and second stations for ease ol insertion or positioning
therein.

In another aspect or implementation of the present subject
matter, which may be used with any one of the above aspects
or implementations, the first and/or second station may be
mounted on a rotary actuator.

In another aspect or implementation of the present subject
matter, which may be used with any one of the above aspects
or implementations, the first and/or second station 1s oper-
able to bend the second portion through a bending arc in
opposite directions relative to an 1mitial loading position to
break the cannula and move the portions further apart to
open the flow path to fluid flow.

In another aspect or implementation of the present subject
matter, which may be used with any one of the above aspects
or implementations, a detector 1s provided for detecting
when the frangible cannula 1s broken.

In another aspect or implementation of the present subject
matter, which may be used with any one of the above aspects
or implementations, the first and/or second station comprises
a generally U-shaped recess or saddle for receiving the tlow
path and a portion of the frangible cannula.
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In accordance with another aspect or implementation of
the present subject matter, a method for breaking a frangible
cannula located within a flexible flow path comprises
mounting the flow path 1n a cannula breaker device having
a {irst station for receiving a first portion of the cannula and
a movable second station for receiving a second portion of
the cannula, the frangible cannula having a breakable junc-
tion between the first and second portions, and actuating the
first and/or second station to cause movement of the one

station relative to the other station to break the breakable
junction.

In accordance with another aspect, which may be used
with the above aspect, the breaker device includes a detector
for detecting whether the frangible cannula 1s broken, and
the method 1ncludes detecting whether the cannula 1s bro-
ken.

In accordance with another aspect which may be used
with any one of the above aspects, the first or second station
may be 1n a fixed or stationary position.

BRIEF DESCRIPTION OF DRAWINGS

These and other aspects of the present subject matter are
shown for purposes of 1illustration and not limitation in the
attached drawings, of which:

FIG. 1 1s a perspective view of blood processing device or
apparatus embodying a frangible cannula breaking device
and method 1n accordance with the present subject matter.

FIG. 2 1s an elevation view of the front panel of the
apparatus of FIG. 1, with portions removed for ease of
viewing.

FIG. 3 15 an 1solated elevation view enlarged view illus-
trating the frangible cannula breaking apparatus of FIG. 1.

FIG. 4 1s a perspective view of a movable portion of the
frangible cannula breaking apparatus mounted on the shaft
of a rotary drive motor.

FIG. 5 1s a perspective view of an alternative drive
assembly for rotating the frangible cannula breaking appa-
ratus.

FIG. 6 1s a partial front view of the apparatus of FIG. 2,
which a fluid bag or pouch mounted 1n association with the
frangible cannula breaking apparatus.

FIG. 7 1s an enlarged 1solated perspective view of the
apparatus of FIG. 2, with a fluid bag or pouch mounted 1n
association with the frangible cannula breaking apparatus.

FIG. 8 1s an enlarged 1solated perspective view of the
apparatus of FIG. 1, with a fluid bag or pouch mounted 1n
association with the frangible cannula breaking apparatus
located on the side of the processing apparatus.

FIG. 9 1s an enlarged 1solated view of the present cannula
breaking apparatus showing a container port tube and inter-
nal frangible cannula located 1n an 1nitial loading position in
the cannula breaking apparatus.

FIG. 10 1s similar to FIG. 9, but illustrates the cannula
breaking apparatus in a first position, bending a portion of
the frangible cannula through a bending arc X1 relative to
the other portion.

FIG. 11 1s smmilar to FIG. 10 but illustrates the cannula
breaking apparatus in a second position, bending a portion
of the frangible cannula in the opposite direction through an
opposite bending arc X2 greater than that in FIG. 10.

FIG. 12 1s similar to FIG. 11 but illustrates the cannula
breaking apparatus in a third position, bending a portion of
the frangible cannula in the opposite direction of FIG. 11,
and through a bending arc X3 approximately the same or
greater than 1n FIG. 11.
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FIG. 13 1s similar to FIG. 12 but 1illustrates the cannula
breaking apparatus 1n a fourth position, bending a portion of

the frangible cannula 1n the opposite direction of FIG. 12,
and through a bending arc X4 approximately the same or
greater than 1n FIG. 12.

FIG. 14 illustrates the frangible cannula in the port tube
of FIG. 9 after 1t has been broken and the port tube 1s open
to fluid tlow.

DETAIL DESCRIPTION

Turning now to a more detail description, FIG. 1 1llus-
trates durable or reusable fluid processing apparatus and
more specifically a blood processing device or apparatus 10
for processing a container of blood previously collected
from a source such as a human donor or patient, animal (e.g.,
equine blood), umbilical cord blood, etc.

In the present embodiment, the illustrated durable pro-
cessing apparatus 10 1s imntended to cooperate with a dispos-
able fluid flow or blood processing tlow circuit that may
include, for example, a primary blood bag or pouch, one or
more satellite containers that can be empty or contain a
nutritional or other fluid, and associated flow tubing filters
and flow control devices, including one or more frangible
cannulas. The apparatus 10 controls the flow of fluds
through the fluid circuit to carry out one or more desired
processes such as expression of plasma and/or red cells from
a primary container and into a satellite container 1n combi-
nation with, 1f desired, a preservative. To that end, the
apparatus 10 may include a front loading station 12 where a
bag or pouch of blood can be suspended, a user interface 14
for receiving user commands and/or providing information,
assorted valves 16, tube sealers/valves 18 and detectors 20,
hangers 22 for filters and other hangers for additional bags
or pouches, and one or more scales 24 for weighing con-
tainers, such as plasma, whole blood and other containers,
and such additional features as may be desired.

In accordance with the present subject matter the appa-
ratus preferably includes as least one apparatus 26 for
breaking and opening a frangible flow control cannula 1n the
fluid tlow circuit. As illustrated, the processing apparatus 10
includes two frangible cannula breaking devices 26, one on
the front panel 28 of the processing apparatus and one on the
side panel 30.

As seen 1n FIGS. 1-3, the front panel 28 includes a loading
station 12 at which location a bag or pouch of collected
blood may be suspended from mounting pins 32 that extend
from the front panel. The pins may be attached to a scale or
welghing apparatus for weighing the suspended bag. The
pins may be exchangeable to {it bags from diflerent manu-
facturers and may have tapered or pointed ends for penetra-
tion of bags not supplied with pre-arranged eyelets or slits
for mounting.

The frangible cannula breaking apparatus 26 1s situated
above the bag mounting pins 32. As shown, on the front
panel the cannula breaking apparatus has two loading or
docking areas or stations into which the cannula i1s to be
positioned, a first or lower station has spaced-apart surtaces,
preferably spaced pins 34 (e.g., fixation pins) protruding
from the front panel, and a second or upper station that has
slot or groove between spaced surfaces formed by spaced
fingers or wings 36 of a u-shaped channel or saddle 38. As
illustrated, the pins 34 of the lower station are fixed relative
to the front panel and to one another. The pins 34 are also
preferably interchangeable, such as with the associated bag
support pins 32, to accommodate bags of different manu-
facturers. Thus the first or lower station has a fixed position
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on the processing apparatus. The second or upper station 1s,
in contrast to the first station, movable and preferably
rotatable relative to the front panel and to the first station
pins 34. Although described herein with reference to the
relative positioning and movement shown, i1t should be
understood that the relative position and movement may be

reversed, with the first station rotatable and the second
station fixed or both stations could be rotatable relative to
one another. And the relative locations may also be reversed
(eflectively rotated 180 degrees), as may be required or
beneficial for diflerent containers/bags.

The fingers or wings 36 may be of any suitable shape or
size and may be configured for the particular frangible
cannula to be opened. For example, if a user typically
employs the processing apparatus 10 with a fluid circuit or
bags from a manufacturer or supplier that uses a frangible
cannula of a particular design or material, the fingers or
wings may be configured to cooperate most eflectively with
that particular frangible cannula. Compare, for example, the
cross-sectional shapes of the fingers or wings 36 of FIG. 3
with those of FIG. 7. Specifically, the fingers or wings may
be wider or narrower, have different cross-section shapes,
such as round, oval, elliptical or rectangular, straight or
curved sides, rounded corners or sharper corners and the
like, such as may make the breaker more effective with a
particular frangible cannula design or material. A selection
of saddles could be available to allow the processing appa-
ratus to be customized for use with a particular frangible
cannula design or material or, alternatively, the processing
apparatus 10 could be provided with a more unmiversally
applicable finger/wing shape and size that works with a wide
variety of cannula designs or style or maternials. This dis-
cussion also fully applies the size and shape of stationary
pins 34. As discussed in more detail below, the apparatus 10
also could be programmable to vary the actual cannula
breaking action depending on the particular cannula being
broken.

Although the frangible cannula breaking apparatus 26 1s
situated above the bag mounting pins 32 on the front panel,
as can be seen 1n FIG. 1, the frangible cannula breaker 26,
on the side panel 30 1s located below bag support or
mounting pins 40 and the first and second stations formed by
pins 42 and saddle 44 are inverted relative to the respective
positions on the front panel 28. Additional cannula breaking
apparatus can be provided on the apparatus at any suitable
location and 1n any orientation for cooperation with the
desired tubing or bag containing the frangible cannula to be
broken, such as for use with containers from different
manufacturers where a diflerent orientation may be benefi-
cial. Additional cannula breaking apparatus 1n accordance
with the subject matter herein could also be provided on
ancillary flow control apparatus used with the processing
apparatus 10, or could be provided as a freestanding unit for
use 1n a variety of settings not necessarily associated with
the processing apparatus 10.

FIG. 4 shows an 1solated perspective view of the saddle
38, which defines the spaced apart surfaces of the second
cannula docking/loading station on front panel 28. As shown
there, saddle 38 1s mounted on rotary shait 46 connected to
clectrical motor, such as a DC drive motor or stepper motor
48, such as with a position encoder to allow momtoring of
the rotational position of the motor. Support frame 30
mounts the motor 48 within the processing apparatus 10
behind front panel 28, and shait 46 extends through the front
panel to position the saddle as shown 1n FIGS. 1-3, above an
in alignment with first station pins 34.
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As best seen 1in FIG. 4, the saddle 38 1s attached to
motor-driven shait 46. Spaced apart fingers or wings 36
extend from diametrically opposed positions on the base,
forming u-shaped slot mto which part of the frangible
cannula 1s positioned or docked. The saddle 38 1s mounted
in an off-center relation to the shatt, with the center of saddle
base being vertically oflset from the center (or axis of
rotation) of shaft 46. This ofl-center position has a benefit in
breaking the cannula and encouraging separation of the
cannula portions after breaking to better assure a fully open
fluid tlow path. The consequence of this positioning will be
more evident from the discussion below.

FIG. 5 1llustrates an alternative drive assembly, generally
at 70 for rotating the saddle 38 of the cannula breaking
apparatus with increased torque. This assembly may be used
as needed 1nstead of the direct drive assembly of FIG. 4, for
any desired cannula breaker where extra torque 1s desired.
This assembly includes a generally L-shaped mounting base
72 for mounting behind the front panel 28 of processing
apparatus 10. A motor 74, such as an electric, e.g., stepper
motor, 1s mounted to a horizontal leg 76 of the base 72.
Saddle 38 1s mounted on the end of rotary shaft 46, which
1s rotatably mounted 1n a vertical leg 78 of base 72 for
extension through the front panel 28. For connecting the
drive motor 74 to the shaft 46, the assembly includes a
power transmission 80. The transmission may include gears,
belts or pulleys, but 1s illustrated using a pair of beveled
gears 82 and 84 rotationally mounted on the base 72. Bevel
gear 82 1s rotated directly or indirectly by drive motor 74 and
bevel gear 84 1s attached directly or indirectly to shaft 46.
The bevel gears are engaged with one another so that
rotation of the motor 74 and bevel gear 82 drives bevel gear
84 to rotate shaft 46. As seen 1n FI1G. 5, gear 82 1s of smaller
diameter that gear 84. As a result, the rotation speed (RPM)
of the larger bevel gear i1s slower than the rotational speed
(RPM) of the smaller bevel gear, and the torque generated by
the motor 1s amplified by the gear train so as to provide
increased torque to shaft 46 to better assure sutlicient torque
for breaking the frangible cannula.

FIG. 6 shows the front panel 28 of processing apparatus
10, with a bag or pouch 52 mounted thereon and with certain
portions of the processing apparatus removed for ease of
viewing. More specifically, the bag or pouch 52 may contain
a quantity of blood previously collected from a donor or
patient. Typically, the blood bag will have previously been
subjected to centrifugation to separate the blood cells based
on density.

The bag 52 1s suspended on the front panel 28 by inserting,
mounting pins 32 through matching eyelets 54 1n the end
perimeter of the bag. The particular processing apparatus 10,
as seen 1n FIG. 1, includes a movable pressure plate P which
can be automatically moved by the processing apparatus to
contact and compress the bag 352 to express blood or blood
components from the bag. The plate P and associated
apparatus are removed m FIG. 5 for ease of viewing. As 1s
common 1n blood bags, the bag includes a port tube 56 that
communicates with the interior of the bag for flowing fluid
into or from the bag. As illustrated, port tube 56 1s sealed by
an 1nternal frangible cannula 58. The port tube 56, internal
frangible cannula 58 and breaking apparatus 26 are shown 1n
enlarged 1solated detail in FIGS. 7-14, and reference should
be made to those figures. The frangible cannula 58 shown in
FIGS. 9-14 1s but one example of frangible cannulas that
may be opened using the present apparatus, and the present
subject matter 1s not limited to the particular cannula design
details shown. The frangible cannula 38, as with most such
frangible cannulas 1n the medical fluid or blood processing
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fields, has first and second portions 60 and 62, preferably
clongated and axially aligned, connected by a breakable
junction 64 of relatively thin matenal. Typically made of
rigid plastic, the frangible cannula 1s sealed within the port
(or other flow tubing) and 1nitially blocks fluid flow. Flexing
of one portion of the cannula relative to the other portion
causes the frangible junction to break and opens the lumen
of the port tube to flow of fluid therethrough.

As best seen 1 FIG. 9, the first portion 60 of cannula 58
1s 1n the form of a hollow tube, sealed at its upper end by the
solid second portion 62 which has radially extending ribs or
wings 63 to engage the mner surface of the tube when the
cannula 1s broken while allowing fluid to flow past. Other
manufacturers may use other structures, such as pins or other
configurations to frictionally engage the inner surface of the
port or other tube, and the present subject matter 1s not
limited to a particular structure. The first portion 60 1is
fixedly attached within the port tube such as by solvent
bonding, heat bonding or the like. The first and second
portions are joined by a relatively thin web of plastic
material that breaks reasonably easily when the portions are
relatively flexed. Flexing of the second portion relative to
the first and preferably axial separation of the second from
the first opens the port tube to fluid tflow. This particular
frangible cannula 1s described in greater detail 1 prior U.S.
Pat. No. 6,132,413, incorporated by reference herein, and 1s
shown only for purposes of illustration. The present break-
ing apparatus 1s itended to work with frangible cannulas of
various and differing specific designs.

Turning now to a more detailed discussion of the frangible
cannula breaking apparatus and 1ts method of use, as will be
appreciated from FIGS. 6-8, when bag 52 1s suspended, such
as from mounting pins 32, the port tube 56 and frangible
cannula 58 within the tube 1s conveniently mounted proxi-
mal to, and preferably in alignment with, the breaking
apparatus 26. More specifically, when a bag 1s suspended on
the front of apparatus 10, the port tube 36 and frangible
cannula 38 are, by reason of the relative location between
the bag support (mounting pins 32) and the pins 34 and
saddle 38, located so as to be adjacent to and aligned with
the breaking apparatus 26—with the first portion 60 of the
frangible cannula 58 and the portion of the port tube 1n
which 1t 1s located being positioned 1n or proximal to the first
docking or loading station between pins 32 and the second
portion 62 of the frangible cannula 58 and the portion of the
port tube 1 which 1t 1s located being positioned in or
proximal to the second docking or loading station between
the spaced fingers 36 of saddle 38. The operator may then
simply confirm proper positioning or, with relative ease,
position the port tube and frangible cannula 1n proper
association with the first and second cannula breaker sta-
tions. In this position, the frangible junction 64 of the
cannula 1s located substantially 1n axial alignment with or 1n
proximity to the axis of the rotary shait 46, which promotes
fracturing when the breaking apparatus i1s actuated. The
processing apparatus preferably includes one, two or more
sensors, such as an optical sensor “S” 1n the front panel, to
detect the presence of the port tube 1n the proper position and
enable further functioning of the breaker apparatus. Other
types of sensors or detectors could also be used. Resilient
rings 65 on pins 34 (see FIG. 8) assist 1n holding the port
tube 56 between the pins 34 during the cannula breaking,
and the port tube can be positioned between the rings 635 and
the face of the processing apparatus 10 or the rings can be
located between the port tube and the face of the apparatus
if desired. Alternatively, 1n place of rings 65, a cylindrical
shaft or block with an annular flange at one end could be
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used. This may find application more particularly with
certain containers such as, for example, a whole blood pouch
suspend on the side of the process apparatus.

The actual breaking and opening of the frangible cannula
preferably occurs automatically in response to a command
from the operator or from the processing control system for
the processing apparatus, and preferably only after the
sensor S and control system determine that the frangible
cannula port tube 1s properly located with the breaker
apparatus. Referring to FIGS. 9 and 10, upon command, the
motor 48 rotates or pivots the saddle 38 (and the second part
of the frangible cannula) 1n one direction, such as clockwise
about center of rotation C, through a selected angle X1 from
a loading position (FIG. 9) to a first bent position (FIG. 10).
In this embodiment, as noted earlier, the saddle 38 and
fingers 36 are oil-center relative to the axis of rotary shaft
46, and the frangible junction 64 1s approximately 1n align-
ment with or 1n proximity to the axis of rotary shaft 46 and
center of rotation C. Although such positioming may be
beneficial, 1t 1s not required for all embodiments. Angle X1
may be any suitable amount of angle, and may extend either
clockwise or counterclockwise, to fracture or begin to frac-
ture the breakable junction 64 of cannula 38, and the amount
and direction of rotation may be different for other cannula
configurations or materials or suppliers. Angle X1 will
typically be between 0 and 90 degrees and may be less than
60 degrees, such as 45 degrees or less, for example between
about 15 and 40 degrees. While the second portion of the
cannula 1s bent to angle X1 relative to the vertical axis, the
first portion 60 of the frangible cannula 38 1s held suil-
ciently vertical and stationary by fixed pins 34 to promote
fracture of the breakable junction 64.

After pivoting the saddle 38 and second cannula portion
62 in the first direction as seen 1n FIG. 10, the motor 48
reverses direction and pivots the saddle 44 and cannula
portion 62 1n the reverse direction, e.g. counterclockwise,
preferably to a second position at an angle X2 about center
C, as shown 1n FIG. 11, to further induce or cause fracture
of the cannula 58. This angle X2 may be, for the particular
cannula shown herein, preferably greater than the angle X1
in the first position and may be as much as 70-80 degrees.
The motor then reverses again to rotate the cannula portion
62 to a third position with an angle X3 as shown in FIG. 12,
which may be about equal to or greater than angle X2. A
further rotation counterclockwise to angle X4 1s shown 1n
FIG. 13 and angle X4 may be about the same as or greater
or lesser than X3.

The motor may repeat this bending back and forth in
opposite directions a fixed number of times, as 1s needed for
the particular cannula being broken, returning the cannula
eventually to the loading position, but 1n a fully open
condition as shown 1n FIG. 14. For some cannula of highly
rigid materials, one cycle back and forth may be enough to
fully open the cannula. For cannulas of somewhat softer
matenal, repeated cycles back and forth may be required.
This may be predetermined and the processing apparatus
configured for a particular cannula, as described below.
Alternatively, the cannula may be flexed back and forth until
an open tlow path 1s detected by the processing apparatus,
such as by detecting fluid flow through the port tube or a
change 1n pressure 1n the bag 52, or by detecting a change
in weight 1n one of the weight scales which 1s indicative that
the cannula 1s open and fluid 1s flowing. FIG. 14 illustrates
how the frangible cannula 58 may appear after repeated
flexing of the cannula by the apparatus of the present
disclosure, with the {frangible or breakable junction 64
broken and portions 60 and 62 separated, thus opening the
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port tube for flow of blood or other liquid from or 1nto the
bag 52 without required manual manipulation by the opera-
tor or user.

It should be noted that FIGS. 9-14 illustrate the cannula
breaker action diagrammatically for purposes of illustration
and simplicity. When the fingers or wings 34 rotate, of
course, they actually engage and press against the side of the
port tube, and bend the cannula within the port tube. More
specifically, with the fingers or wings 34 of the shape shown
herein, which are preferably but not exclusively elongated in
a vertical direction, opposite corners of the fingers will tend
to engage the port tube when rotated. For example, referring,
to FIG. 11 of the panel of the processing apparatus, upper
inside corner C1 of trailing finger 34 and lower 1nside corner
C2 of the lead finger 34 will tend to engage most directly
against and depress the wall of the port tube (“trailing™ and
“leading” are with reference to the direction of rotation).
This action, when repeated, assists in breaking the cannula,
particularly with the cannula 1s made of a somewhat softer
or more pliable material, and also tends to push or “walk™
the second cannula portion 62 axially along the mside of the
port tube causing 1t to further separate from the first cannula
portion after frangible portion or zone 64 1s broken. For the
particular cannula shown 1n the figures, the fingers or wings
34 may be pivoted back and forth several cycles, with
increasing degrees of rotation up to about 70-80 degrees
from vertical in both clockwise and counterclockwise direc-
tions. Other styles of frangible cannulas or cannulas made of
more rigid materials may require only one or two cycles of
the fingers to break and separate the cannula to allow flow
through the port tube.

In this regard, the control system of the processing
apparatus 10 may be programmable to vary the number of
cycles and degree of rotation, depending on the frangible
cannula to be broken. The control system may include a user
selection feature, where the user selects from one or more
frangible breaking protocols depending on the type or source
of cannula to be broken, or the system may be configured to
set the appropriate protocol upon reading a barcode or RFID
tag associated with the particular bag or pouch. For those
blood processing centers that tend to use disposable bags
and blood collection and processing systems from a single
source, with a single cannula configuration, the cannula
breaking protocol may set at the factory or by service
personnel and not routinely changed by the processing
center.

As noted earlier, the illustrated apparatus also include one
or more frangible cannula breakers on side panel 30 or
clsewhere on the processing apparatus 10 or on ancillary
equipment used in conjunction with the apparatus that
functions substantially as described herein. On the side
panel, the breaker i1s located to be employed with bags or
pouches that are suspended 1n an inverted position relative
to the bag 52. The cannula breaker functions essentially as
described above, but with the relative parts inverted as
compared to the front panel. Also, 1t 1s similarly positioned
to be 1n proximity to the port tube and frangible cannula of
the pouch or bag suspended on the side panel from the
respective container mount.

Although the breaking apparatus 26 i1s described as used
with a frangible cannula on the port tube of a container, 1t
also has utility for opening frangible cannulas that are 1n
fluud flow tubing not directly associated with a bag or
container port. Also, the frangible cannula breaking appa-
ratus, although shown 1n combination with a blood process-
ing apparatus 10, may be freestanding and independent of
any other associated processing device or apparatus.
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While described 1n terms of the illustrated embodiments,
it 1s understand that the features and implementations of the

illustrated design may be varied in a manner apparent to
those skilled 1n the field.

The mvention claimed 1s:

1. Apparatus for breaking a frangible cannula located
inside a flexible tlow path, the frangible cannula including
first and second portions with a breakable junction therebe-
tween that may be broken by relative bending of the por-
tions, the apparatus comprising: a stationary first station in
which the portion of the tlow path containing the first portion
of the cannula 1s positionable and a pivotable second station
in which the portion of the flow path containing the second
portion of the cannula 1s positionable; an actuator connected
to the pivotable second station and pivoting the second
station from an 1nitial loading position, 1n which the first and
second stations are generally aligned, through one angle less
than 90 degrees from the mnitial loading position in one
direction and through a greater angle from the 1imitial loading
position 1n an opposite direction, the stationary first station
being stationary relative to the mmitial loading position,
wherein the second pivotable station 1s operable to bend the
flow path and second portion of the cannula therein relative
to the other portion of the flow path and the first portion of
the cannula therein through a first angle in one direction and
through a second greater angle 1n an opposite direction to
break the breakable junction.

2. The apparatus of claim 1 1n which the pivotable second
station comprises spaced apart surfaces for receiving the
flow path and a portion of the cannula therebetween.

3. The apparatus of claim 2 in which the spaced apart
surtaces are ofl-set relative to a center of an arc of move-
ment.

4. The apparatus of claim 2 in which the spaced apart
surfaces are configured to alternately engage opposite sides
of the flow path when bending the flow path so as to engage
and depress a side of the flow path and urge the second
portion of the cannula to move along the flow path and
separate from the {first portion of the tlow path.

5. The apparatus of claim 1 in which the first and second
stations are located so that when the cannula 1s received
therein, the breakable portion of the frangible cannula 1s
generally axially aligned with or in proximity to a center of
an arc of movement.

6. The apparatus of claim 1 in which the one angle 1s 60
degrees or less and the greater angle 1s 80 degrees or less.

7. The apparatus of claim 1 1n which the second station
actuator 1s configured to repeatedly bend a portion of the
cannula in opposite directions.

8. The apparatus of claim 1 including a bag support for
suspending a bag therefrom, the bag support being located
relative to the first and second stations such that when a bag
1s suspended on the support, the first and second portions of
a frangible cannula within a bag port are located 1n prox-
imity with the first and second stations 1n the load position
for ease of 1nsertion therein.

9. The apparatus of claam 1 wherein the stationary first
station 1includes a pair of spaced apart members for receiving
the tlow path and first portion of the cannula therebetween,
the spaced apart members being configured with interfering
surfaces to help retain the flow path and cannula between the
members.

10. The apparatus of claim 1 further comprising an optical
sensor positioned to detect the presence of a tube defining
the flow path in the correct position 1n the first and second
stations for breaking the cannula.
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11. The apparatus of claim 1 in which the actuator 1s
configured to pivot the second station consecutively through
at least a third angle relative to the mitial loading position
greater than the second angle and 1n the opposite direction
from the second angle.

12. Apparatus for breaking a frangible cannula located
inside a flexible tlow path, the frangible cannula including
first and second portions with a breakable junction therebe-
tween that may be broken by relative bending of the por-
tions, the apparatus comprising: a housing having a face and
carrying a stationary first station in which the portion of the
flow path containing the first portion of the cannula 1is
positionable and a pivotable second station in which the
portion of the flow path containing the second portion of the
cannula 1s positionable; an actuator for pivoting the second
station 1n opposite directions from an 1nitial loading position
in which the first and second stations are generally aligned
to bend the flow path and the second portion of the cannula
therein relative to the other portion of the flow path and the
first portion of the cannula therein to break the breakable
junction; the housing including a bag support for suspending,
a bag having a port tube with a frangible cannula therein, the
bag support being positioned such that when a bag 1s
suspended on the support, the port tube and first and second
portions of the frangible cannula are respectively located in
proximity to the first and second stations 1n the load position,
the stationary first station including a pair of spaced apart
members for recerving the port tube and first cannula portion
therebetween, each of the spaced apart members 1including a
port tube holder extending radially from the respective
member at a location spaced from the face to help retain the
port tube between the holders and the face of the housing
during bending, wherein the actuator pivots the second
station to bend the second portion of the cannula through one
angle from the loading position 1n one direction and through
a greater angle from the loading position 1in the opposite
direction.

13. The apparatus of claim 12 in which the second station
1s configured for movement through an arc relative to a
center of rotation.

14. The apparatus of claim 13 i which the second station
includes a pair of extending fingers for receiving the tlow
path and the second portion of the cannula therebetween,
and wherein the fingers are ofi-set relative to the center
rotation.

15. The apparatus of claim 13 1 which the first and
second stations are located so that when the cannula 1s
received therein, the breakable portion of the frangible
cannula 1s generally axially aligned with or 1n proximity to
the center of rotation.

16. The apparatus of claim 12 in which each port tube
holder comprises a ring on the spaced apart member.
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17. The apparatus of claim 12 1n which each port tube
holder comprises a resilient ring.

18. The apparatus of claim 12 further comprising an
optical sensor positioned to detect the presence of a port tube
in the correct position in the first and second stations for
breaking the cannula.

19. Apparatus for breaking a frangible cannula located
inside a flexible flow path, the frangible cannula including
first and second portions with a breakable junction therebe-
tween that may be broken by relative bending of the por-
tions, the apparatus comprising:

a stationary first station 1n which the portion of the flow
path containing the first portion of the cannula 1s
positionable and a pivotable second station 1n which the
portion of the flow path connected to the pivotable
containing the second portion of the cannula 1s posi-
tionable:

an actuator connected to the pivotable second station and
pivoting the second station about a pivot axis from an
initial loading position, in which the first and second
stations are generally aligned, through one angle from
the imtial loading position in one direction and through
a greater angle from the initial loading position 1in an
opposite direction, the stationary first station being
stationary relative to the mmitial loading position,
wherein the second pivotable station 1s operable to
bend the flow path and second portion of the cannula
therein relative to the other portion of the tlow path and
the first portion of the cannula therein through a first
angle 1n one direction and through a second greater
angle 1n an opposite direction to break the breakable
junction;

the actuator including an electrical stepper motor and a
drive assembly transmitting rotation of the motor to the
second station to pivot the second station, the dnive
assembly being configured to increase the torque pro-
vided by the motor to the second station.

20. The apparatus of claim 19 wherein the motor rotates

about an axis that extends at right angle to the pivot axis.

21. The apparatus of claim 20 including a base and
wherein the first bevel gear 1s carried on the base to rotate
about an axis that extends at a right angle to the pivot axis
and the second bevel gear 1s carried by the base to rotate
about the pivot axis.

22. The apparatus of claim 19 wherein the drive assembly
includes first and second bevel gears engaged to transmit
rotation of the motor to the second station, the bevel gears
being sized to increase torque transmitted from the motor to
the second station.
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